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(54) Kraft recovery boiler furnace 

(57) A kraft recovery boiler furnace (10) has a fur- 
nace chamber (12) with four walls (14,15,16). A plurality 
ot black liquor injection guns (26) are provided on at 
least two of the walls of the furnace chamber for injecting 
droplets of black liquor into the furnace. A plurality of 
primary air injection ports (30) are located at a tower el- 
evation in the walls of said furnace. An injection site 
combustion zone (50) surrounds the black liquor injec- 
tion guns (26). and a plurality of quaternary air injection 
ports (34) located in the walls of the furnace in or above 
the injection site combustion zone (50) inject air into the 
injection site combustion zone to react with gaseous fuel 
released from the black liquor without substantially en- 
training the solid fuel from the black liquor. 
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Description 

The present invention relates to kraft or black liquor 
recovery boiler furnaces. 

In the pulp and paper industries recovery boilers are 
used to bu rn the liquor produced in the kraft pulp making 
process. The function of a recovery boiler is to dispose 
of black liquor by burning the organic residue, generat- 
ing steam, and converting the inorganic materials into a 
useful form. The current practice for introducing com- 
bustion air into the kraft recovery boilers involves inject- 
ing the air at two or more elevations in the furnace of the 
boiler At the lowest elevation, air is injected through 
ports in all four walls. One of the major operational prob- 
lems in kraft recovery boilers is the formation of deposits 
on the heat transfer surfaces in the upper part of the 
boiler. The most troublesome deposits occur in the su- 
perheater and steam generator. These deposits are 
formed mainly by particles that originate from the en- 
trainment of some of the liquor spray particles in the air 
and flue gas stream. As the liquor spray particles fall 
towards the bottom of the furnace, they swell and lose 
weight, becoming less dense and easier to entrain. The 
most sensitive area for entrain ment is at the char bed 
and the primary air entry level of the furnace. A second 
critical area is where there is a secondary level of air 
entry just above the char bed. The particles that are en- 
trained are carried upward into the region above the 
black liquor injection nozzles by the upwardly flowing 
gases and are destined to be carried out of the furnace 
by the furnace exit gas or to be deposited in the super- 
heater and steam generator. 

The production of a pulp mill is integrally linked to 
the capacity of its recovery boiler. Recently, pulp mills 
have been increasing their level of production through 
improved process management and mill upgrades. 
These improvements are pushing recovery boiler per- 
formance requirements beyond their original design ca- 
pacity. As a result, recovery boilers limit pulp mill output 
in many cases. 

Almost all recovery boilers include three levels of 
combustion air known as primary, secondary and terti- 
ary air. These air levels have different functions. The pri- 
mary air is located at the lowest elevation in the furnace 
and supplies the air to burn the char on the surface of 
the char bed. The char is formed as liquor spray particles 
burn in the furnace. The char is partially burned in flight, 
as it falls to the bottom of the furnace, but the last part 
of the carbon in the char is burned out on top of the char 
bed that covers the bottom of the furnace The primary 
air flow provides a bed geometry that allows recovered 
molten chemicals a suitable path for egress along the 
perimeter of the boiler and to the smelt outlet spouts. 
The floor of the boiler is sometimes sloped to facilitate 
this chemical removal. 

Secondary air enters the boiler above the primary 
air and below the black liquor injection nozzles. The sec- 
ondary air assists in shaping the top of the char bed and 



supplies air to burn the combustible gases which rise 
from the bed. If the secondary air flow is too high, the 
flue gas resulting from the combustion of the volatiles 
will carry liquor droplets to the upper furnace plugging 

5 the boiler unit. Tertiary air is introduced to the boiler at 
an elevation above the black liquor injection guns and 
is used principally to burn the volatiles that are driven 
from the black liquor droplets as they pyrolyze and dry. 
There have been numerous attempts to improve 

w boiler efficiency by implementing complex control sys- 
tems that affect air flow into the combustion chamber. 
See, for example, U.S. Patent 5,121,700 to Blackwell; 
U.S. Patent 5,305,698 to Blackwell; U.S. Patent 
4,940,004 to Jansen, and others. 

is We describe below, in addition to secondary and 
tertiary air injection ports, quaternary air injection ports 
located in the furnace in the vicinity of or at approximate- 
ly the same elevation as the black liquor injection guns. 
While combustion dynamics and combustion reactions 

20 are complex and difficult to define, it is believed that air 
introduced at this level in the furnace provides a much 
more efficient mixing and combustion without solid par- 
ticle carryover. In a preferred embodiment, the black liq- 
uor injection guns inject the black liquor into the furnace 

25 jn a downwardly inclined direction. Still more preferably, 
the injection guns employ a 6plash plate which is orient- 
ed to cause the solid particles impinging the plate to flow 
downwardly in the furnace. 

In accordance with a first aspect of this invention, 

30 we provide a kraft recovery boiler furnace comprising: 
a furnace chamber having four wails, a plurality of black 
liquor injection guns on at least two of the walls of the 
furnace chamber for injecting droplets of black liquor in- 
to the furnace, and a plurality of primary air injection 

35 ports located at a lower elevation in the walls of said 
furnace; and the furnace being characterized in that an 
injection site combustion zone is defined surrounding 
the black liquor injection guns, and in that a plurality of 
quaternary air injection ports are located in the walls of 

40 said furnace in or above the injection site combustion 
zone, preferably at approximately the same elevation as 
said black liquor injection guns, such that in operation 
air injected through the quaternary air injection ports is 
introduced into the injection site combustion zone and 

45 reacts with gaseous fuel released from the black liquor 
without substantially entraining the solid fuel from the 
black liquor. 

The invention provides, in accordance with a sec- 
ond and alternative aspect thereof, a method for intro- 
50 ducing air into a kraft recovery boiler furnace comprising 
introducing air into thef urnace through a plurality of qua- 
ternary air injection ports positioned in the walls of said 
furnace such that the air is introduced into an injection 
site combustion zone surrounding the black liquor injec- 
ts tion guns, the injection ports preferably being located at 
approximately the same elevation in the furnace as the 
black liquor injection guns. 

The term "quaternary air" is used herein to describe 
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a new level of air introduction which results in increased 
combustion at substantially the level of the injection 
guns. Air previously introduced through the primary, 
secondary and/or tertiary air injection ports is, in part, 
redirected to the quaternary air injection sites. A zone 
of increased or intensified combustion is established 
around the black liquor injection guns. This zone is re- 
ferred to herein as the "injection site combustion zone" 
and it generally extends a distance up to 4 feet 
(1 .21 92m) below and up to about 4 to 6 feet (1 .21 92 to 
1 .8288m) above the injection guns and more specifically 
from about 2 feet (0.6096m) below to about 4 feet 
(1.2192m) above the black liquor injection guns. The 
quaternary air ports will usually be located in this zone, 
but in some cases they may be located just above this 
zone if the air is directed downwardly into the zone. The 
injection site combustion zone is at an intermediate lo- 
cation to the combustion zones conventionally supplied 
by the secondary and tertiary air ports. In this zone, the 
quaternary air supports eff icient combustion of the com- 
bustible gases driven from the drying black liquor drop- 
lets without entraining solid particles. 

One of the most important advantages achieved is 
reduced carryover and, hence, reduced plugging of the 
boiler tubes. This, in turn, improves boiler efficiency and 
reduces the frequency with which the boiler must be 
shut down for cleaning. The following related advantag- 
es have also been observed: significantly improved 
chemical conversion efficiency, significantly improved 
thermal efficiency, lower total reduced sulphur emis- 
sions, more stable combustion, lower auxiliary energy 
requirements, increased run time between shutdowns, 
lower capital costs, improved air quality. 

The invention is hereinafter more particularly de- 
scribed by way of example only with reference to the 
accompanying drawings, in which: j 

Fig. 1 is a schematic drawing of an embodiment of 
boiler constructed in accordance with the present 
invention; 

Fig. 2 is a chart showing induced draft fan speed 
(rpm) at various times for a boiler operating first 
without and then with quaternary air injection ports; 

Fig. 3 is a chart showing primary air flow rates at 
various times for a boiler operating first without and 
then with quaternary air injection ports; 

Fig. 4 is a chart showing secondary air flow rates at 
various times for a boiler operating first without and 
then with quaternary air injection ports; 

Fig. 5 is a chart showing tertiary air at various times 
for a boiler operating first without and then with qua- 
ternary air injection ports; and 

Fig. 6 is a chart showing total reduced sulphur at 



various times for a boiler operating first without and 
then with quaternary air injection ports. 

As shown in Fig. 1 , a black liquor recovery unit, des- 

5 ignated as 10, includes a furnace chamber 12 having 
vertical front and rear walls 14,15 and vertical side walls 
16 and at the lower end an inclined hearth 18. Molten 
smelt removal spouts 20 are positioned at the lower end 
of the hearth for the discharge of molten chemical ash 

10 into a smelt collection tank 22. As the black liquor drop- 
lets are burned, the so-called black ash expands to a 
light low density particle which falls to the hearth floor 
to form the char bed. Incomplete combustion in the char 
bed causes carbon and carbon monoxide to act as re- 

15 ducing agents, thus converting sulfate and thiosulfate to 
sulfide. The heat is sufficient to melt the sodium salts, 
which filter through the char bed to the floor of the fur- 
nace. The smelt then flows by gravity through the water 
cooled spouts 20 to the smelt collection tank 22. 

20 The walls 14, 15, 16 are cooled by rows of water 
tubes 24 extending over the entire surface of the walls. 
The tubes 24 may also extend through the fioor, the 
hearth,, and the roof of the furnace. The steam genera- 
tor 38 generally comprises a tube screen 40, a super 

25 heater section 42, a boiler section 44 and a boiler outlet 
46. The steam generator tubes are used for the gener- 
ation of superheated steam. 

As shown in Figs. 1 and 2, biack liquor injection 
guns 26 are mounted in each of the four furnace walls 

30 and are inclined downwardly so as to inject the black 
liquor into the furnace in a downward direction. Each of 
the injection guns 25 preferably includes a splash plate 
28 attached to the spout of the injection guns oriented 
to cause the solid particles impinging the plate to flow 

35 downwardly into the furnace. While the furnace is illus- 
trated with an injection gun in each of the furnace walls, 
those skilled in the art will appreciate that embodiments 
are also possible in which there is more than one gun 
present in each wall or in which there is one gun present 

40 in each of two opposing walls and no gun or a different 
number of guns present in the other walls. 

An injection site combustion zone 50 is created in 
the furnace 12. Air is introduced into the furnace through 
four sets of ports designated from the bottom upward as 

45 primary 30, secondary 32, quaternary 34, and tertiary 
36 air ports. As can be seen in Fig. 2, the injection guns 
26 and air ports 30, 32, 34, 36 ail extend through open- 
ings or bent tube ports defined by boiler lubes 24a and 
24b. In atypical boiler installation, the boiler will include 

50 primary and quaternary air ports. In most embodiments, 
secondary air ports will also be present. However, terti- 
ary air ports may not be present and the need for them 
will in many cases be obviated by the use of quaternary 
air ports as described herein. 

55 The air ports are supplied with combustion air by 
wind boxes which are not shown but are essentially 
large box like ducts that are mounted on and surround 
the outside wall of the combustion chamber. Pressu- 
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rized airflow is provided to the wind boxes by a fan. The 
amount of air supplied to the air ports can be regulated 
by dampers. Typically each set of air ports will be sup- 
plied from a separate wind box and fan but constructions 
are also feasible in which two or more sets of air ports 
are supplied from a common wind box. The air ports are 
positioned and operated or dampened to reduce the for- 
mation of deposits on the heat transler surfaces and es- 
pecially the superheater in the upper part of the boiler 
by minimizing gas velocity extremes including the chim- 
ney effect. 

The primary air ports 30 are located conventionally 
a few feet (about 2 to 4 feet - 0.6096 to 1 .21 92m) above 
the hearth 18 and extend around the four walls to pro- 
vide a large portion of the combustion air requirement. 
The primary air ports 30 also provide an air flow geom- 
ctry t hat allows the formation of the char bed such that 
the molten smelt has a suitable path for egress along 
the perimeter of the hearth 1 8 to the smelt outlet spouts 
20. The primary air ports are operated in a conventional 
manner. 

The secondary air ports 32 are positioned conven- 
tionally about 6 to 8 feet (1 .8288 to 2.4384m) above the 
primary air 30 and about 8 feet (2.4384m) below the in- 
jection guns 26. and extend around the four walls of the 
furnace. The secondary air ports are operated to shape 
the top of the char bed and burn combustible gases 
which rise from the char bed in a conventional manner. 
With the use of the quaternary air ports, in many cases, 
the amount of air supplied to the furnace by means of 
the secondary air ports can be reduced. Typically, 18 to 
25% of the total air requirement is injected through the 
secondary air ports when using quaternary air introduc- 
tion as contrasted with flows of up to 40% when quater- 
nary air ports are not used. 

Quaternary air ports 34 are preferably positioned 
substantially at the same level as or above the injection 
guns 26 so as to supply air directly to zone 50. The 
number of quaternary air ports can vary but there will 
typically be one port located on each side of each of the 
black liquor injection guns. The air supplied by the qua- 
ternary air ports provides efficient mixing and combus- 
tion within the injection site combustion zone 50 of the 
boiler furnace 1 2. The quaternary air location is selected 
to concentrate the air more closely to where the fuel is 
located and provide better mixing and combustion, thus 
producing a more efficient bum in the combustion cham- 
ber, but without or with less particle entrainment. It is 
preferred that two quaternary air ports 34 are positioned 
adjacent to each side of each injection gun 26. Typically, 
the quaternary air ports will be positioned a distance to 
the side of each gun of about 2 to 10 feet (0.6096 to 
3.048m). Preferably the quaternary air ports 34 are po- 
sitioned at substantially the same level as the injection 
guns 26, but the posit ion of the quaternary air injection 
ports can range from a distance of up to 5 feet (1 .524m) 
above the guns to a distance no more than 0 to 4 feet 
(0 to 1.2192m) below the guns. Preferably the quater- 



nary air injection ports are located at the same level as 
or at a higher level than the black liquor guns. The height 
of the quaternary air ports will depend on the design of 
the air ports and the injection guns. It has been found 

5 that when the guns include the splash plate shown in 
Fig 2, the quaternary air ports can be located a small 
distance below the guns without producing particle en- 
trainment. While the quaternary air ports are typically 
located in the injection site combustion zone, if the air 

io ports are designed to inject the air downwardly into the 
injection site combustion zone, they can be located 
above the zone and direct air downwardly into the zone. 

The function of the quaternary air ports is not to be 
confused with the function of the tertiary air ports which 

is are located a greater distance above the injection guns 
than the quaternary air ports. It is believed that air in- 
jected through the quaternary air ports reacts more ef- 
ficiently with the gaseous combustibles which are re- 
leased from the black liquor as it burns because the qua- 

20 ternary air is supplied at a point at which the combusti- 
bles are more highly concentrated. By contrast, at the 
conventional level for tertiary air, the combustibles are 
believed to be diluted with noncombustible gases. How- 
ever, there may be other theories for the improved re- 

2S action. 

Tertiary air ports 36 are positioned about 10 to 14 
feet (3.048 to 4.2672m) above the injection guns 26. In 
Fig. 1 they are located on the front and rear walls 1 4, 1 5 
of the furnace but they could also be located on the side 

30 walls. Tertiary air is used principally to bum volatiles that 
are driven off the black liquor droplets, sprayed from the 
injection guns 26, as the liquor is pyrolyzed and dried. 
About 30 to 40% of the total air requirement is injected 
. through the combined tertiary and quaternary air ports. 

35 Typically, about 15% of the total air is injected through 
the tertiary air ports and about 1 5 to 30% of the total air 
is injected through the quaternary air ports. Thus, at 
least 30% ot the total air flow may be injected at or above 
the black liquor guns. This relocation or reallocation of 

40 the air flow is advantageous because it reduces the 
amount of oxygen at the lower elevations of the boiler 
where chemical reduction is favoured and increases it 
in the upper portions of the boiler where oxidation is de- 
sired. While such flow rates may have previously been 

45 achieved through increased tertiary air introduction 
without quaternary air introduction, it was probably not 
as efficient and involved more excess air than quater- 
nary air introduction as described herein. 

The black liquor injection guns are preferably 

so equipped with a splash plate which directs the black liq- 
uor droplets downward. The injection guns 26 and angle 
of the splash plate are selected to produce a downward 
particle flow and to minimize particle entrainment. Com- 
bustion of the black liquor is accompanied by a volume 

55 change caused by gas expansion. This expansion can 
lead to particle entrainment. The splash plates appear 
to be very effective in preventing entrainment in the 
presence of the quaternary air. The black liquor is sup- 
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plied at a concentration of about 65 to 80% solids. 

The addition of the quaternary air ports 34 affords 
the opportunity to reduce secondary air 32 by perform- 
ing some of the secondary air functions at the quater- 
nary air level. In some cases it has been possible to 
block approximately seventy percent of the secondary 
air dampers. Preferably, the secondary air dampers are 
arranged as shown in Fig. 1 . Secondary air dampers 
marked A are closed, secondary air dampers marked B 
are open, and secondary air dampers marked C are 
50% open. 

In a typical embodiment, the operation of the fur- 
nace is as follows: The black liquor is fed through the 
injection guns at a rate of about 275 US gal/min (1041 
litres/min) and is introduced at concentrations of about 
70% solids. The primary air is introduced through pri- 
mary air ducts on each of the front and rearf urnace walls 
14,15 and on each of the side walls 16. The primary air 
is fed at a rate of 45% total air flow. The secondary air 
is introduced through the secondary air ducts on each 
of the furnace walls as described above. The secondary 
air is fed at a rate of 25% of total air. The quaternary air 
is introduced through two quaternary air ducts on each 
side of the black liquor injection guns, at a rate of about 
1 5% of total air. The quaternary air flow rate will typically 
vary from 1 5 to 35% of total air. The tertiary air can be 
introduced through tertiary air ducts on both the front 
and rear walls of the furnace, at a rate of 15 to 30% of 
total air which is sufficient to complete combustion of the 
gases released from the pyrolyzing liquor. 

Figs. 2-6 are operating charts respectively showing 
induced draft fan speed, primary air flow rate, secondary 
air flow rate, combined tertiary and quaternary air flow 
rate and total reduced sulfur for a boiler which was ini- 
tially operated without quaternary air and subsequently 
with quaternary air. The boiler is a Babcock and Wilcox 
boiler having a design pressure of 1625 psig (1.120 x 
10 7 N/m 2 gauge) and a designed liquid firing rate of 2.4 
million pounds (1.089 x 10*Kg) per day dry solids oper- 
ating at a firing rate of 3.05 million pounds (1.383 x 
1 0 6 Kg) per day. The increase in the air flow rate shown 
on the right hand side of line A in Fig. 5 as compared 
with the left side is the quaternary air flow Specifically, 
the air flow to the left of line A in Fig. 5 is tertiary air and 
the air flow to the right is the sum of tertiary and quater- 
nary air. The quaternary air was about 20% of the total 
air flow. Fig. 2 shows that using quaternary air, the total 
air demand of the boiler as determined by draft fan 
speed (rpm) is reduced about 1 0%. The operation to the 
left of the line A is without quaternary air and to the right 
of the line is with quaternary air. A comparison of the 
operation to the right and left of line A in Figs. 3 and 4 
shows that primary air was not substantially affected by 
the use of quaternary air but secondary air flow can be 
reduced about 20 to 30% of the total air. Total reduced 
sulfur (TRS) shown is a measure of the efficiency of the 
boiler. Fig. 6 shows that TRS (ppm) is higher and more 
variable without quaternary air flow. 



Claims 

1. A kraft recovery boiler lurnace comprising: a fur- 
nace chamber having four walls, a plurality of black 

5 liquor injection guns on at least two of the walls of 
the furnace chamber for injecting droplets of black 
liquor into the furnace, and a plurality of primary air 
injection ports located at a lower elevation in the 
walls of said furnace; and the furnace being char- 

10 acterized in that an injection site combustion zone 
is defined surrounding the black liquor injection 
guns, and in that a plurality of quaternary air injec- 
tion ports are located in the walls of said furnace in 
or above the injection site combustion zone, prefer- 

15 ably at approximately the same elevation as said 
black liquor injection guns, such that in operation 
air injected through the quaternary air injection 
ports is introduced into the injection site combustion 
zone and reacts with gaseous fuel released from 

20 the black liquor without substantially entraining the 
solid fuel from the black liquor. 

2. A furnace according to Claim 1 , further character- 
ized in that the black liquor injection guns are ar- 

25 ranged to inject black liquor into said furnace in a 
downwardly inclined direction. 

3. A furnace according to Claim 2, further character- 
ized in that the black liquor injection guns include a 

30 splash plate for downwardly deflecting liquor inject- 
ed into the furnace through the gun. 

4. A furnace according to Claims 2 or 3, further char- 
acterized in that the black liquor injection guns are 

35 adapted to inject black liquor containing about 68 to 
80% solids. 

5. A furnace according to any preceding claim, further 
characterized in that the furnace additionally in- 

40 eludes a plurality of secondary air injection ports, 
preferably baffled, in the walls, said secondary air 
injection ports being located above said primary air 
injection ports and below said black liquor injection 
guns and said injection site combustion zone. 

45 

6. A furnace according to any preceding claim, further 
characterized in that said furnace additionally in- 
cludes a plurality of tertiary air injection ports in the 
walls, said tertiary air injection ports being located 

so above said black liquor injection guns and above 
said quaternary air injection ports and said injection 
site combustion zone. 

7. A furnace according to Claims 5 or 6, further char- 
55 acterized in that the flow of air through said quater- 
nary air injection guns and said secondary and/or 
tertiary injection guns is adjusted to prevent the 
chimney effect. 
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8. A furnace according to both Claims 3 and 8, further 
characterized in that said air injection ports are ad- 
justed such that about 1 8 to 25% of the total amount 
of air injected into said furnace is injected through 
the secondary air injection ports. 5 

9. A furnace according to Claim 4 or any claim ap- 
pendant thereto, further characterized in that the air 
injection ports are adjusted such that about 30 to 
40% of the total amount of air injected into the fur- 10 
nace is injected through the tertiary and quaternary 

air injection ports. 

10. A furnace according to any preceding claim, further 
characterized in that said injection site combustion *5 
zone extends a distance not substantially greater 
than 6 feet 1.8288m) above and 4 feet (1.2192m) 
below said black liquor injection guns. 

11. A furnace according to any preceding claim, further 20 
characterized in that there is one biack liquor injec- 
tion gun on two opposing walls of said furnace, and 
preferably in each wall o1 said furnace, and in that 
there are two quaternary air injection ports located 

on each side of said black liquor injection guns. 2S 

12. A method for introducing air into a kratt recovery 
boiler furnace comprising introducing air into the 
furnace through a plurality of quaternary air injec- 
tion ports positioned in the walls of said furnace 30 
such that the air is introduced into an injection site 
combustion zone surrounding the black liquor injec- 
tion guns, the air injection ports preferably being lo- 
cated at approximately the same elevation in the 
furnace as the black liquor injection guns. 35 

13. A method according to Claim 12, wherein the Kraft 
recovery boiler furnace includes tertiary air injection 
ports and about 30 to 40% of the total amount of air 
injected into the furnace is injected through said ter- 40 
tiary and said quaternary air injection ports. 

14. A method according to Claims 12 or 13, wherein 
said method includes the step of injecting black liq- 
uor into said furnace in a downwardly inclined direc- 
tion, preferably below the quaternary air injection 
ports. 

15. A method according to Claim 15, wherein the flow 

of air into the furnace is adjusted to minimize en- so 
trainment of the black liquor and to prevent the 
chimney effect. 

16. A method according to any of Claims 12 to 16, 
wherein the furnace includes a bed of combustibles ss 
which burns and creates gaseous fuel which exits 
upwardly through said chamber. 
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